Background Globally, adults aged 65 years or older will increase from 516 million in 2009 to an estimated 1.53 billion in 2050. Due to substance use at earlier ages that may continue into later life, and ageingrelated changes in medical conditions, older substance users are at risk for substance-related consequences.
Introduction
Globally, adults aged 65 years or older will increase from 516 million in 2009 to an estimated 1.53 billion in 2050. 1 Improved health and longevity have contributed to a steadily rising number of the ageing population. 2 Americans use more psychoactive substances than individuals in other countries. 3 In the USA, adults aged 45-64 years, persons born in the postWorld War II period and older adults aged 65þ years are the fastest growing age groups. Between 2000 and 2010, they increased by 31.5% (from 22.0% to 26.4% of the US population) and 15.1% (from 12.4% to 13.5% of the US population), respectively, compared with an increase of 9.7% for the total US population. 4 Conservative estimates from national surveys of non-institutionalized adults show that the number of Americans aged 50þ years with a substance use disorder (SUD; alcohol or drug use disorders) will double from 2.8 million (annual average) in 2002-06 to 5.7 million in 2020. 5 The increase in the number of people with a SUD will occur in all sex and racial/ethnic groups because of combined effects of the growing number of older adults and of persons with a SUD. 5 Substance abuse can affect almost all major organs, 6 and SUD is a relapsing condition. 7 Adults aged 18-64 years (63% of the US population) who comprise the vast majority of problematic substance users-continue to age and are expected to place an increasing burden on health care systems over time. 5, 8, 9 Data from the Treatment Episode Data Set (TEDS), which collects national-level admissions to substance abuse treatment facilities that receive public funds, demonstrate an escalating demand for health services for SUDs among middle-aged and older adults ( Figure 1 ). 10 Older adults are uniquely at risk for substancerelated consequences. Ageing-related physiological changes can enhance one's sensitivity to adverse effects of substance use. Substances of abuse act by altering neurotransmission in the brain; ageingrelated changes to the brain, drug metabolism and pharmacokinetics may interact and intensify older substance users' risk for developing neurotoxicity and severe medical consequences. 11, 12 Ageing-related decline in health status also increases older adults' likelihood of taking medications for either medical or psychological conditions and they may also selfmedicate with non-prescription substances. For instance, approximately one in four older adults used psychoactive medications with abuse potential. 12 Medication use could interact with substance use and cause adverse effects. Substance use may trigger or intensify medical conditions, such as diabetes and cardiovascular disease, 6, 13 Use of psychoactive medications also can lead to nonmedical use or even dependence. 12, 14 Here, we review the extent of SUD (abuse of or dependence on alcohol or drugs) and comorbid psychiatric conditions among adults aged 50þ years to gauge the problems and identify venues for research and intervention. Adults aged 50-64 years, approximately the baby-boom population, are included in this review, because they use more alcohol and illicit/nonmedical drugs than adults 65þ years of age, represent a large proportion of the population and place increasing demands for SUD treatment as they continue to age.
4,5

Methods
We combined keywords for SUD (alcohol use disorder, alcohol abuse, alcohol dependence, drug use disorder, drug abuse, drug dependence, drug misuse, substance use disorder, prescription drug abuse, SUBSTANCE USE DISORDERS AND PSYCHIATRIC COMORBIDITY substance abuse) with older adults or geriatric population and searched the PubMed and PsychInfo database. We reviewed abstracts of more than 200 citations, used related citations links to identify additional articles from journal databases and examined the bibliographies of articles that we reviewed. We found that study data were often collected many years earlier than dates on which results were published. To reflect recent trends in substance use, we focused on studies published 2005 onwards. Articles that met the inclusion criteria are summarized in Table 1 (peer-reviewed articles in English language and original studies). We included relevant findings from additional studies to augment the description of the extent of SUDs. To inform treatment needs for older adults with a SUD, we also reviewed original, peer-reviewed studies of psychiatric comorbidity among older adults.
Results
Substance use disorders
There is a lack of large-scale studies that specifically gauge SUDs and treatment needs in the ageing population (Table 1) . Most studies examined the subsamples of older adults from national samples of survey studies, including the National Comorbidity Study-Replication (NCS-R), National Survey on Drug Use and Health (NSDUH) and the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC). Few studies examined incidence rates of SUDs using the longitudinal data from the NESARC. 15, 16 Alcohol use disorders Using data from older adults aged 65þ years in the 2001-03 NCS-R (n ¼ 1461), Gum et al. (2009) 17 found that 4.1% of older adults aged 65-75 (8.1%, men; 1.0%, women) and 1.6% of adults aged 75þ (2.1%, men; 1.3%, women) reported a lifetime history of alcohol use disorder. Lin et al. (2011) 18 analysed data from 8205 older adults aged 65þ in the 2000-01 NESARC; lifetime and past-year prevalences of alcohol use disorders were found to be 16.1% and 1.5%, respectively. Ages 65-74 (vs 75þ years), male sex, being White (vs being Asian/Pacific Islander) and being divorced/widowed were associated with elevated odds of having a lifetime alcohol use disorder; ages 65-74 (vs 75þ years) and male sex were associated with elevated odds of having a past-year alcohol use disorder. 18 This is one of the first studies reporting rates of past-year alcohol use disorders in a national sample of older adults, but the number of older adults with a past-year alcohol use disorder (n ¼ 109) limits analyses of correlates and frequency of recent alcohol use. Based on the data from the Chile Psychiatric Prevalence Study (CPPS) conducted between 1992 and 1999, Kohn et 19 reported that none of these older adults used treatments for a SUD in the past 6 months. These studies demonstrate that a sufficiently large sample of older adults is needed to better estimate the extent of recent or active substance use and SUDs.
By pooling the data from two independent national surveys of the NSDUH in 2005-06, 20 examined the frequency of alcohol use and alcohol disorders among 10 953 adults aged 50þ years. Overall, 60% of adults aged 50þ used alcohol in the past year; factors associated with elevated odds of past-year alcohol use included ages 50-64 (vs ages 65þ), male sex, being White or Hispanic (vs being Black), college education, being employed, high family income and residence in metropolitan areas. Among past-year alcohol users aged 50þ, 61.9% reported using alcohol on 30þ days in the past year (mean 103.5 days/year) and 5.0% had an alcohol use disorder in the past year. This analysis of a large sample shows frequent alcohol use among adults aged 50þ.
Based on the American Geriatric Society's clinical guidelines for defining low-risk and at-risk alcohol use, 21 investigated the magnitude and correlates of low-risk use (no more than 1 drink on a usual drinking day within the past 30 days), at-risk use (2 or more drinks on a usual drinking day within the past 30 days) and binge drinking (5 or more drinks on the same occasion on at least 1 day within the past 30 days). The findings revealed prevalent rates of current at-risk and binge alcohol use among adults aged 50þ in both men (16.7% and 19.6%, respectively) and women (10.9% and 6.3%, respectively). Among men, ages 50-64 (vs ages 65þ), being Hispanic (vs being Black), being employed, being separated/divorced/widowed, high family income, college education, past-year tobacco use and past-year illicit drug use were associated with elevated odds of binge drinking. Among women, ages 50-64 (vs ages 65þ), being separated/ divorced/widowed, college education, being employed, past-year tobacco use, past-year illicit drug use and past-year nonmedical prescription drug use were associated with elevated odds of binge drinking. 21 The large sample helped identify unexpected but prevalent at-risk and binge alcohol use among older men (27.5%) and women (11.4%) aged 65þ, demonstrating that an exclusive use of alcohol use disorders in a study can overlook a large number of older problematic alcohol users who may benefit from early intervention.
Subsequently, Blazer and Wu (2011) 22 examined patterns of subthreshold and threshold alcohol use disorders among 16 304 adults aged 50þ years. The study documented new national estimates of pastyear DSM-IV alcohol dependence (53 dependence symptoms), abuse (51 abuse symptoms), subthreshold dependence (1-2 dependence symptoms plus no abuse symptoms) and use without DSM-IV symptoms among adults aged 50-64 (1.9%, 2.3%, 7.0% and 44.7%, respectively) and older adults aged 65þ (0.6%, 0.9%, 5.2% and 36.4%, respectively). The results unveil the extent of subthreshold alcohol disorders. At least 6.3% of adults aged 50þ in the community exhibited some alcohol dependence symptoms (including men and adults with college education), but they may not be identified because of not having engaged in activities that may lead to legal, job-related or relationship consequences (DSM-IV defined abuse). Of note, many adults aged 50þ with alcohol dependence, abuse or subthreshold dependence were frequent alcohol users (mean numbers of alcohol-using days/year: 215, 204 and 171 days, respectively) and engaged in binge drinking in the past month (70.3%, 61.6% and 48.2%, respectively). The frequency of binge drinking is especially of concern. The coming new DSM5 combines dependence and abuse as a disorder and requires presence of 52 abuse/dependence symptoms for having a SUD. 23 The DSM5 will include some subthreshold alcohol users in the threshold group; however, it also excludes alcohol users with one abuse symptom only from the threshold group. Research will be needed to evaluate how DSM5 influences prevalence estimates of SUDs among older adults.
With the large sample of alcohol users available, it became possible to examine conditional prevalences of alcohol use disorders (probability of having a disorder-given use) to identify subgroups with elevated odds of having SUDs. Blazer and Wu (2011) 22 reported conditional prevalences of alcohol use disorders (7.4%) and subthreshold dependence (12.5%) among 5548 past-year alcohol users aged 50-64 as well as conditional prevalences of alcohol use disorders (3.4%) and subthreshold dependence (12.1%) among 3478 past-year alcohol users aged 65þ. 22 Conditional prevalences of SUDs identify potential risk groups of SUDs to supplement the limitation of prevalence rates in the total sample. Adjusted logistic regression analyses of past-year alcohol users showed that ages 50-64, male sex, being Black, being separated/divorced/widowed, low family income, major depression, current nicotine dependence, past-year illicit drug use, past-year nonmedical prescription drug use and early onset of alcohol use (<18 years) were associated with elevated odds of having an alcohol use disorder. In addition, male sex, being Black, being Hispanic, low family income, nicotine dependence, nonmedical prescription drug use and early onset of alcohol use were associated with elevated odds of having subthreshold alcohol dependence in the past year.
Taken together, alcohol use is common among adults aged 50þ, but alcohol use problems or disorders are likely to affect subsets of alcohol users who are male, separated/divorced/widowed, lowincome or depressed, as well as alcohol users who also use or abuse other psychoactive substances.
Drug use disorders
Compared with alcohol, relatively few studies examine illicit or nonmedical drug use problems in a representative sample of older adults. 9 25 specifically examined adults aged 65þ (n ¼ 8205) in the 2000-01 NESARC; 3.5% of the sample reported any lifetime use of illicit or nonmedical drugs and 1.1% reported any past-year use of illicit or nonmedical drugs. In addition, only 0.6% of adults aged 65þ had a lifetime drug use disorder (cannabis, 0.21%; opioids, 0.16%; tranquillizers, 0.13%; amphetamine, 0.11%; sedatives, 0.07%), and 0.2% had a past-year drug use disorder. 18 The very low rate of drug use in the national sample of non-institutionalized older adults may explain the scarcity of drug abuse research in the geriatric population. It also shows the need for a particularly large sample size of the general population to produce reliable drug use estimates.
Blazer and Wu (2009) 20 examined recent use of illicit drugs among 10 953 non-institutionalized adults aged 50þ from the 2005-06 NSDUH. Of all drugs examined, marijuana use exhibited the highest prevalence of use in the past year (3.9% among adults aged 50-64; 0.7% among adults aged 65þ). Rates of pastyear illicit use of other drugs among adults aged 50þ were low: cocaine (0.4%), inhalants (0.1%), hallucinogens (0.1%), methamphetamine (0.1%) and and heroin (0.05%). Consistent with drug use in younger adults, marijuana is the most common illicit drug used by older adults. Although the number of older illicit drug users identified from surveys of the general population was small, many older drug users reported drug use regularly, suggesting a high liability to experiencing a drug use disorder. For example, 49% of marijuana users and 57% of cocaine users used the drug on 30þ days in the past year (mean number of drug-using days/year: marijuana, 81 days; cocaine, 101 days). Conditional rates of SUDs reveal that drug users are more likely to experience a SUD than are alcohol users: close to 12% of past-year drug users aged 50þ had a drug use disorder, whereas about 5% of past-year alcohol users aged 50þ had an alcohol use disorder. 20 
SUBSTANCE USE DISORDERS AND PSYCHIATRIC COMORBIDITY
Similarly, few studies specifically examine recent nonmedical prescription drug use and disorders among older adults. Results from 10 953 adults aged 50þ showed that nonmedical use of prescription opioids (e.g. Darvocet, Vicodin, Percocet, hydrocodone) had a higher past-year prevalence (1.4%) than nonmedical use of other prescription drugs (tranquillizers, 0.5%; stimulants, 0.2%; sedatives, 0.1%). 26 Like alcohol use, nonmedical opioid use was more common among adults aged 50-64 (vs adults aged 65þ), men and marijuana users. Of all nonmedical prescription opioid users, one-fifth (21%) reported onset of first nonmedical use at age 50þ, and the majority started nonmedical prescription opioid use between aged 18 and 39 years (51.0%). Overall, 9.4% of past-year nonmedical opioid users met criteria for having a prescription opioid abuse (1.7%) or dependence (7.6%) disorder in the past year. 26 Therefore, use of one substance increases the likelihood of using another substance, and the majority (81%) of older adults with a prescription opioid use disorder exhibited dependence symptoms. Although marijuana use was more prevalent than opioid use in the general population, treatment admission data (TEDS) found opioids the most frequently reported primary illicit drugs by treatment-seeking adults 50þ, 27 suggesting more severe drug problems among opioid users than marijuana users. This is in line with a low conditional rate of marijuana use disorders (4.5%). 20 In Canada, Préville and colleagues (2008) conducted a cross-sectional survey in 2005-06 to determine the extent of psychiatric disorders among adults aged 65 years in Quebec (n ¼ 2798).
28 DSM-IV benzodiazepine dependence was the only SUD reported in their study. Past-year prevalence of benzodiazepine dependence (2.3%) was lower than prevalences of anxiety (5.6) or mood disorder (7.4%). Overall, 12.7% had any of these disorders; ages 65-74 years (vs ages 75þ years) and female sex were associated with increased odds of having any disorder. 28 The study team also characterized benzodiazepine dependence.
14 Of the 707 current medical benzodiazepine users aged 65þ identified by the survey, 9.5% met criteria for having pastyear benzodiazepine dependence. Female sex, mild cognitive impairment, depression, panic disorder and suicidal ideation were associated with benzodiazepine dependence.
14 This high conditional rate of benzodiazepine dependence may be related partly to the sample's unique characteristics. For instance, benzodiazepine users were 'medical users' of benzodiazepines, and they might have used this medication for a long time as shown in the associations between benzodiazepine dependence and mental health conditions (depression, panic disorder) and a high rate of mood or anxiety disorder (31.3%) among benzodiazepine-dependent adults. Although the study does not include data about patterns of benzodiazepine use and other substance use problems, results suggest the need to examine prescription drug use problems among older medical users of psychoactive medications, including benzodiazepines and opioids.
Incidence rates of SUDs
The NESRAC appears to be the only known national survey that uses longitudinal designs (with two waves of data collection in 2000-01 and 2004-05) to permit analysis of new cases (incidence) of SUDs in a representative sample of older adults. Chou et al. (2011) 15 examined incidence rates of SUDs and other mental disorders among 8012 adults aged 60þ in the NESARC. Over a period of 3 years, 1.0% of adults aged 60þ developed alcohol abuse, 0.4% developed alcohol dependence and 0.3% developed drug abuse or dependence, which was slightly lower than incidence rates of major depression (3.3%) and generalized anxiety disorder (1.6%). Men had higher incidence rates of alcohol abuse (2.3% vs 0.3%) and dependence (0.7% vs 0.2%) than women. 15 Verges et al. (2012) 16 also determined incidence of alcohol dependence in the NESRAC. Of adults aged 53þ with alcohol dependence at wave 1, data in figures suggested that about 35-45% still had alcohol dependence at the 3-year follow-up (persistence), and that approximately 2-6% aged 53þ with a prior-topast-year alcohol dependence at wave 1 survey reported alcohol dependence at the 3-year follow-up (recurrence).
In summary, few older adults identified from the national survey of non-institutionalized populations develop new onsets of alcohol or drug use disorders. However, among older adults with an existing alcohol disorder, a high proportion appears to have persistent alcohol problems. Alcohol problems also relapse in later life. Hence, given the prevalent rate of active alcohol use in the middle-aged and older population, 21 longitudinal research is needed to identify new cases of at-risk or binge alcohol use to better inform screening and prevention efforts.
Psychiatric comorbidity
There is a scarcity of data sources available that permit detailed analyses of psychiatric comorbidities with SUDs among older adults ( Table 2) . The NESARC appears to be the only data set with a comparatively large national sample and comprehensive assessments of psychiatric comorbidities. One of the NESARC studies reports incidence rates of comorbidities. 15 In other survey studies, depression is often the single focus of the comorbid psychiatric condition. Data from clinical samples are included to provide additional information on comorbidities for treatment-seeking older substance abusers. 20 found that past-year major depressive episode was associated with elevated odds of past-year marijuana use and of cocaine use among 10953 adults aged 50þ. Similarly, major depressive episode was the only mental disorder assessed by the study. These results suggest that older adults who engage in binge/ heavy alcohol use or illicit drug use have elevated odds of experiencing depressive symptoms.
Comorbidity in surveys of the general population
Three studies used the NESARC data to explore psychiatric comorbidity among older adults. Sacco et al. (2009) 31 analysed the subsample of 4646 current alcohol users aged 60þ in the 2000-01 NESARC. Based on the pattern of alcohol use (47 drinks/week, heavy use) and alcohol abuse and dependence symptoms, three groups of alcohol users were identified: low-risk (89.2%), moderate-risk (9.7%) and high-risk (1.2%) groups. Compared with the low-risk and moderaterisk groups, the high-risk group had higher prevalences of major depression (24.9%, 3.2% and 3.2%, respectively), anxiety disorder (8.8%, 1.4% and 2.3%, respectively), and antisocial personality disorder (5.9%, 0.9% and 1.2%, respectively). On the other hand, Pietrzak et al. (2012) 32 reported the extent of comorbidities by posttraumatic stress disorder status among 9463 adults aged 60þ in the wave 2 NESARC. About 10% of the sample reported a history of full (4.5%) or partial (5.5%) post-traumatic stress disorder. A high proportion of adults aged 60þ with a full (19.9%), partial (25.2%) or no (22.2%) post-traumatic stress disorder had a history of alcohol use disorders; a small proportion of adults aged 60þ with a full (4.3%), partial (3.5%) or no (1.7%) post-traumatic stress disorder had a history of drug use disorders. However, past-year data are not available to inform the extent of recent or active comorbidities.
Chou et al. (2011) 15 analysed the longitudinal NESARC data to determine the incidence (new occurrences) of psychiatric disorders by SUD status. Among adults aged 60þ with an alcohol use disorder, about 4% and 2% developed a new major depressive disorder and a new generalized anxiety disorder, respectively, over a span of 3 years. 15 Among adults aged 60þ with a drug use disorder, 6.7% developed a new major depressive disorder within 3 years, but the number of older adults with a drug use disorder was too small to generate reliable estimates for comorbid disorders. 15 Taken together, psychiatric disorders, mainly major depression, appear to affect predominantly non-institutionalized older adults with a SUD (mainly alcohol use disorder), and a very small proportion of psychiatric disorders in late adulthood are new-onset cases. The available data suggest that a single survey of noninstitutionalized adults may not generate a sufficiently large sample of older adults with a drug use disorder to produce reliable estimates for comorbidities.
Comorbidity in clinical samples
There are few studies of comorbidities among treatment-seeking older drug users. Lofwall 34 examined 140 methadone maintenance patients aged 50þ years and found a high rate (57%) of past-year mental and medical conditions (major depression, 32.9%; posttraumatic stress disorder, 27.8%; generalized anxiety disorder, 29.7%; arthritis, 54.3%; hypertension, 44.9%; hepatitis C, 49.3%; heart condition, 17.9%; lung disease, 22.1%; cirrhosis, 14.3%; diabetes, 11.4%). Rosen et al. (2008) 34 also reported important sex and racial/ethnic differences in comorbidity. Women had higher prevalences than men of major depression (43.8% vs 27.2%), agoraphobia (20.8% vs 9.8%), and panic disorder (22.9% vs 12.0%), whereas men had higher prevalences than women of hypertension (52.2% vs 29.2%) and diabetes (16.3% vs 2.1%). Compared with African Americans, Whites showed higher prevalences of major depression (40.3% vs 26.0%), generalized anxiety disorder (37.3% vs 21.9%) and chronic lung disease (31.3% vs 13.7%), but lower prevalences than whites of hypertension (29.9% vs 57.5%) and diabetes (4.5% vs 17.8%). These data suggest that older drug users in methadone maintenance treatment are likely to have multiple SUDs and to be affected by additional psychiatric disorders and/or chronic medical illnesses.
Results from a study of 104 patients aged 65þ who accessed emergency care for psychiatric conditions in a hospital also suggest prevalent drug use among adults with a psychiatric diagnosis. 35 The vast majority (93%) of the studied patients had a documented psychiatric diagnosis (psychosis, depression, substance use disorder), and more than one in four elderly patients (27%) showed positive urine toxicology on drug use at intake (i.e. barbiturate, benzodiazepine, cocaine, opiate, phencyclidine and amphetamine). 35 A more recent study of treatmentseeking opioid-dependent adults further suggests that older drug abusers might be particularly affected by psychiatric and medical comorbidities. Cicero et al. (2012) 36 found that treatment-seeking opioid-dependent patients aged 45þ (n ¼ 476) had higher odds of having a comorbid disorder (anxiety, depressive, alcohol use disorders) and reporting moderate-to-severe pain than younger opioid-dependent patients aged 18-44 (n ¼ 2097).
In summary, although findings from treatmentseeking adults are limited in their generalizability (a small sample size, selection bias), they demonstrate that older drug users in methadone maintenance treatment and older patients with a psychiatric condition constitute subsets severely affected by comorbid psychiatric or medical problems.
Discussion
Among community non-institutionalized adults aged 50þ years, around 60% used alcohol, 3% used illicit drugs (mainly marijuana) and 1-2% used nonmedical prescription drugs in the past year. Substance use and related disorders were comparatively prevalent among middle-aged adults, men and those who were separated/divorced/widowed or self-reported depression. Among adults aged 50þ, approximately 5% of men vs 1.4% of women had an alcohol use disorder in the past year. 22 Among alcohol users, about one in 14 (7.4%) users aged 50-64 had an alcohol use disorder in the past year compared with one in 30 (3.4%) older users aged 65þ. 22 Adults aged 50-64 were about four times (4%) more likely than elders aged 65þ (0.7%) to use marijuana in the past year; likewise, 4% of men and 1.4% of women aged 50þ used marijuana in the past year. Less than 1% of adults aged 50þ in the national survey had a drug use disorder in the past year; however, among drug users aged 50þ, approximately 10-12% had a drug use disorder in the past year. Overall, alcohol is the primary abused substance in the mid and later life, and nonmedical prescription drug use (opioids, benzodiazepines) are emerging problems. [37] [38] [39] Compared with other frequently reported psychiatric disorders (depression, anxiety disorders), SUDs can be considered among the most common psychiatric disorders affecting the older population. Although this review focuses on alcohol and drug use disorders, about 4% of older adults aged 65þ are estimated to have nicotine dependence in the past year. 18, 40 In NESARC, 5.6% of adults aged 45-64 and 2.7% of adults aged 65þ had a past-year major depressive disorder, 41 and corresponding prevalences for generalized anxiety disorders were 2.1% and 1.0%, respectively. 42 Additionally, among adults aged 55þ, 1.2% had a SUBSTANCE USE DISORDERS AND PSYCHIATRIC COMORBIDITY past-year panic disorder, 43 and 1.8% had past-year social anxiety disorder. 44 Thus, SUDs may be more common than some specific anxiety disorders. However, SUDs affect more older men than older women, whereas mood and anxiety disorders are more common among older women than older men. 45 Available studies, however, are too limited in their sample size to elucidate detailed sex differences in comorbid SUD with psychiatric disorders. Nonetheless, having one disorder increases the odds of having another disorder, suggesting a particularly high level of treatment needs among older adults. 9, 45 Therefore, all persons presenting substance use problems should be assessed for additional mental health conditions to inform treatment plans and management.
The few available studies suggest that older adults with a SUD are under-served. None of the older adults with a SUD in a Chilean survey used any SUD service in the past 6 months. 19 In a study of methadone maintenance patients aged 55-68 years, who were characterized by exhibiting a history of substance abuse and numerous medical and psychiatric complaints, only 7% of the patients had regular contact with a primary care physician. 46 The scarcity of research on understanding treatment need and service use reveals the need for research to better characterize substance use patterns to inform early use of preventive services and intervention. Age-related decline in health coupled with an increase in medication use indicate older adults' elevated risk of developing adverse effects from substance misuse. Hence, early identification of at-risk older adults is needed to inform prevention, and use of SUDs for estimating treatment needs can miss a large size of problematic substance users. For instance, by focusing on the patterns of alcohol use, research reveals high prevalences of at-risk and binge drinking in a national sample of adults aged 50-64 (42% men, 22% women) and elders aged 65þ (28% men, 11% women). 21 Collectively, there are increasing demands for SUD-related care as the size of the geriatric population continues to rise, and many of them also require mental health care (e.g. for depression). Substance abuse treatment data suggest that only a small proportion of older substance abusers were referred to treatment by general healthcare providers. 47 Integrating routine substance use screening, brief intervention and referral to treatment into the mainstream primary care are needed to improve timely detection of substance use problems and early intervention, and to reduce escalation of addiction and use of costly health care. 48, 49 The constraint of survey data to generate an adequate number of older adults with a SUD to clarify comorbidities also suggests the utility of research on adults in addiction or mental health settings to help elucidate coexisting psychiatric conditions for different sex and racial/ethnic groups. The available data from clinical samples show that older drug users seeking treatment exhibit a pervasive pattern of psychiatric and medical comorbidities; however, the sample size precludes finer-grained analyses of comorbidity. 33, 34 Future research could consider use of multisite designs to improve the sample size and diversity of study participants' demographic and clinical profiles. Longitudinal studies will be needed to understand incidences of new and recurrent episodes of SUDs and their temporal associations with comorbidities. 50 The prevalent rate of subthreshold alcohol dependence (12%) in the national sample of both middle-aged and elderly alcohol users 22 indicates the need to investigate subthreshold users' likelihood and risk factors of developing a SUD. Similarly, middleaged drug users warrant research to identify factors promoting continued use or escalating to a SUD. Suspected risk might include personal or family history of substance abuse, changes in life events (retirement, loss of family members or bereavements) and mental or medical conditions (depression, anxiety, pain related conditions). 14, 15, 33, 34, 51, 52 Substance use has been reported to cope with mental and medical conditions (e.g. pain), and older adults with mental/ medical conditions are likely to receive and use prescribed psychoactive medications (opioids, benzodiazepines) that may further increase the chance of nonmedical use or addiction. 14, 51, 53 Further, treatment encounters data from admissions to emergency departments (ED) of non-Federal hospitals (Drug Abuse Warning Network) and substance abuse treatment facilities that received public funding (TEDS) indicate an increased trend in drug-related admissions among older adults. Between 2004 and 2009, ED visits involving pharmacological use or misuse (e.g. opioid pain relievers) among adults aged 50þ increased by 159% (from 115 798 to 300 082 ED visits). 39 TEDS data showed that admissions for primary drug misuse among adults aged 55þ increased by 106% for men and 119% for women between 1995 and 2002. 54 Among elders aged 65þ, admissions for primary opioid misuse increased from 6.6% in 1996 to 10.5% in 2005. 55 Additionally, between 1998 and 2008, there were increases in the number of first-time admissions for primary misuse of marijuana, cocaine and heroin among adults aged 55þ, whereas there were few changes in the younger group (ages 30-54). 56 Recent TEDS findings further confirmed that substance abuse treatment admissions among adults aged 50þ increased from 6.6% in 1992 to 12.7% in 2009. 57 Specifically, admissions for combined alcohol/drug misuse rose from 12.4% to 42.0%, whereas admissions for alcohol problems only decreased from 87.6% in 1992 to 58.0% in 2009. Thus, treatment encounter data point to an emerging trend in illicit/nonmedical drug use problems in the ageing population.
There are methodological challenges in studying substance use problems. Variations in definition of drinking problems complicate comparisons in findings across studies. Estimates from surveys of non-institutionalized populations may underestimate prevalences of substance use and SUDs due to bias associated with self-reports (underreporting, forgetfulness) and an exclusion of institutionalized (psychiatric patients, incarcerated adults) and homeless individuals from the survey sampling. Additionally, SUD estimates are influenced by survival bias, as substance users who died prematurely from substance-related consequences (accidents, HIV/AIDS, hepatitis, suicides) are not captured by surveys. 7, 58 This bias may be related to drug use (heroin/opioids, cocaine, amphetamines). 7, 59 All these factors may contribute to low rates of drug use estimates among older adults in surveys. As noted from treatment encounters data, multiple data sources are needed to better gauge substance use problems.
In conclusion, at-risk and binge alcohol use is common in mid and later life. Illicit and prescription drug misuse is an emerging drug problem. There have been increases in substance abuse treatment admissions among adults aged 50þ. Substance use in late life requires ongoing surveillance as large numbers of baby boomers enter the geriatric population. There is a clear need to increase research efforts, including tracking substance use and SUDs in the growing racial/ethnic populations and developing effective substance abuse care models to address the wide range of their medical and mental health problems.
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KEY MESSAGES
At-risk and binge drinking is common among adults aged 50 years or older.
Illicit and nonmedical drug use, especially prescription medications (opioids), is an emerging problem given that the 50-64 age cohort is carrying a much heavier burden of these problems than the 65þ cohort.
A limited number of longitudinal studies suggest new onset of substance use and mental disorders in later life.
Cross-sectional studies of treatment-seeking adults show that older drug users have multiple psychiatric and medical problems.
Additional research is needed to characterize patterns of substance use problems and comorbidities in racial/ethnic populations
